used in the experiments were purchased locally (Merck and SD fine Chemicals) and were of analytical grade.
Preparation of aqueous extract: S. sesban leaves were cut into small pieces and were allowed to dry in the shade. About 100 g of the dried powdered material was extracted at 60°C by using soxhlet apparatus for 6 hours using 1 L of water. The water extract was filtered and evaporated for dryness under vacuum, which yielded a sticky material (yield: 7.5% w/w). The filtrate was air dried and stored in refrigerator for further use as extract. During experiment the crude extract was diluted with distilled water just before administration to animals (El-Sayed, 1991; Jain, 1968) .
Induction of diabetes: Diabetes was induced in male
Wistar albino rats aged 2-3 months (180-200 g body weight) by intraperitoneal administration of streptozotocin (single dose of 55 mg/kg body weight) dissolved in freshly prepared 10 mM citrate buffer, pH 4.5 (Gupta et al., 2004) after 72 hours rats with marked hyperglycemia (fasting blood glucose >250 mg/dL) were selected and used for the study. All the animals were allowed free access to tap water and pellet diet and maintained at room temperature in plastic cages, as per the guidelines of Institutional Animal Ethics committee.
Experimental design:
To investigate the effects of extract, the animals were divided into five groups each consisting of six animals: Normal rats (group 1), diabetic rats (group 2), diabetic rats treated with glibenclamide 0.25 mg/kg orally (group 3), diabetic rats treated with extract 250 mg/kg orally (group 4) and diabetic rats treated with extract 500 mg/kg orally (group 5).
After an overnight fast, extract suspended in distilled water was fed to the group 4 and 5 rats by gastric intubation using a force feeding needle. Group 1 and 2 rats were fed with water alone. Group 3 rats were fed with standard drug glibenclamide. All the animals were administered above treatment daily orally up to 13 weeks.
Metabolic and morphological analysis: After 13 weeks period blood samples were collected from the tail vein after 16 hours fasting. Blood glucose estimation was carried out by glucose oxidase-peroxidase method (Kesari et al., 2005) . HbA1c was estimated by the method of Eross et al., 1984) . The estimation of serum lipids was carried out by the method of Folch et al., 1957) . Estimation of serum cholesterol was carried out by the method of Zlatkis et al., 1953) . Serum triglycerides were estimated by the method of Foster and Dunn (Foster et al; 1973) and HDL cholesterol was estimated by the method of Burstein et al., 1970) . The VLDL cholesterol was calculated using the formula, TG/5 mg/dL. The serum LDL cholesterol was estimated by the method of Friedwald et al., 1972) .
Similarly serum parameters like albumin, creatinine, urea and total protein were also estimated. Individual rats were placed in metabolic cages to obtain 24 hours urine collections and urinary protein, albumin and glucose excretion levels were measured.
Immunohistochemical and immunofluorescent staining:
Renal cortexes were fixed in 10% formaldehyde and embedded in paraffin, and 4 ^m thick sections were prepared. Staining was performed as previously described (Sohn et al., 2007) .
Statistical analysis:
The results were expressed as mean ± SEM. The statistical analysis was carried out by using GraphPad Instate version 5. The statistical analysis of the data was carried out using appropriate statistical methods such as Dunnette's multiple comparison test and significant levels are p<0.05, p<0.01.
Results
In diabetic rats, body weight was decreased compared with normal rats and did not change compared with rats that treated glibenclamide or extract. Blood glucose and HbA1c levels were significantly increased in diabetic rats (p<0.01). However, no differences in blood glucose and HbA1c were noted between treated and untreated diabetic rats (Table I) .
The serum albumin, creatinine, urea and total protein levels were significantly higher in the untreated diabetic rats compared to those in normal rats. Treatment of the diabetic rats with the aqueous extract produced a significant reduction in the albumin, creatinine, urea and total protein levels (Table II) . The urinary glucose, albumin and total protein levels were significantly higher in the untreated diabetic rats compared to those in normal rats. Treatment of the diabetic rats with the extract produced a significant reduction in the albumin, creatinine, urea and total protein levels (Table III) .
Histopathological changes in kidneys of normal, diabetic untreated, diabetic treated with standard drug glibenclamide and aqueous extract were studied. Diabetic untreated rats renal tissue when compared to other treated group revealed severe increase in mesangial cells and matrix of glomeruli. Hyaline thickening of some arteriole wall was also noted. With treatment with glibenclamide and aqueous extract, these pathologic changes were improved.
Discussion
The present study shows the effects of aqueous extract of the leaves of S. sesbania on glycemic and renal protection in streptozotocin-induced diabetic rats. The extract showed a dose-dependent effect on fasting blood glucose level. The capacity to decrease the elevated blood glucose to normal level is an essential trigger for the liver to revert to its normal homeostasis during experimental diabetes. The possible mechanism by which aqueous extract exerts its hypoglycemic action in diabetic rats may be due to potentiating the insulin release, since the percentage fall in blood glucose levels was very significant (p<0.01) at 500 mg/ kg. Lower levels of total hemoglobin observed in diabetic rats might be due to the increased formation of HbA1c. In uncontrolled or poorly controlled diabetes, there is an increased glycosylation of a number of proteins including hemoglobin and crystalline of lens (Alberti et al., 1982) . HbA1c was found to increase in patients with diabetes mellitus and the amount of increase was directly proportional to the fasting blood glucose levels (Pari et al., 2002) . Therefore, measurement of HbA1c is supposed to be very sensitive index for glycemic control. Treatment with aqueous extract showed a significant decrease in the glycated hemoglobin levels, which could be due to an improvement in insulin secretion. Induction of diabetes with streptozotocin is associated with the characteristic loss of body weight, which is due to increased muscle wasting (Swanston et al; 1990) , and due to loss of tissue proteins (Chatterjea et al; 1976) . Diabetic rats treated with the aqueous extract showed an increase in body weight when compared to the untreated diabetic rats which may be due to its protective effect in controlling muscle wasting i.e. reversal of gluconeogenesis and may also be due to the improvement in glycemic control.
This study shows that aqueous extract reduced the development of diabetic nephropathy via reductions in serum albumin, creatinine, urea and total protein and urine glucose, Albumin and total protein levels in streptozotocin-induced diabetic rats. Hence, our current study confirmed that aqueous extract-treated diabetic rats showed significant improvement in renal functions such as proteinuria and albuminuria. It seems likely that the treatment with aqueous extract is effective for treatment for diabetic nephropathy due to inhibition of proteinuria and albuminuria could be a valuable Values are given as mean ± SEM from six rats in each group; a p<0.01, b p<0.05 therapeutic approach in diabetic nephropathy.
